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APPARATUS FOR ARRANGING SPACERS AT FIXED POINTS, LIQUID CRYSTAL 
DEVICE, METHOD OF MANUFACTURING LIQUID CRYSTAL DEVICE, AND 

ELECTRONIC APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to an apparatus for arranging spacers at fixed 
points, a liquid crystal device, a method of manufacturing the liquid crystal device, an 
electronic apparatus with the liquid crystal device, and to a technique for arranging spacers 
between a pair of substrates. 

2. Description of Related Art 

[0002] In a liquid crystal device in which a liquid crystal layer is interposed between 
a pair of substrates, spacers in the form of resin balls, glass balls, or resin columns are 
arranged between the substrates in order to keep the gap between the substrates uniform. 

[0003] Generally, such a liquid crystal device is manufactured by the following 
processes. First, after stacking electrodes and alignment layers on both a lower substrate and 
an upper substrate, an aperture that functions as a liquid crystal filling hole is formed in the 
peripheral edge portions of the lower substrate, and an unhardened sealing material is printed 
on the lower substrate. Then, the spacers are arranged on the surface of the lower substrate or 
the upper substrate. Next, after bonding the lower substrate to the upper substrate, the sealing 
material is hardened to manufacture an empty liquid crystal cell. Then, liquid crystal is 
injected into the empty liquid crystal cell by vacuum injection method, and the filling hole is 
sealed by the sealing material. Finally, an optical film, such as a retardation plate or a 
polarizing plate, is bonded to the outer surfaces of the lower substrate and the upper substrate 
to manufacture the liquid crystal device. 

[0004] Japanese Unexamined Patent Application Publication No. 2001-1 88235 
discloses a process of the above manufacturing processes, in which the spacers are arranged 
in a specific region of the liquid crystal cell by an inkjet method. Fig. 23 is a schematic view 
illustrating the schematic structure of a related art inkjet device. In the related art inkjet 
device, a nozzle head 260 with a plurality of nozzle holes 370 is provided in a fixed direction. 
The nozzle holes 370 are arranged in a direction parallel to a specific side of a pixel region 
19 (the direction of the X axis). A spacer dispersion liquid is discharged from the nozzle 
holes 370 onto the substrates in the predetermined interval b, while the nozzle head 260 is 
scanned in a direction perpendicular to the arrangement direction of the nozzle holes 370 (the 
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Y direction). A dispersion medium in the spacer dispersion liquid is evaporated, and thus the 
spacers 1 5 are arranged on the substrates. 

[0005] In Fig. 23, the movement locus of the nozzle holes 370 during the scanning 
of the head is virtually illustrated by a broken lines L (a first virtual line), and the spacers 15 
are arranged in the predetermined interval b to substantially come into line with the first 
virtual line L. 

SUMMARY OF THE INVENTION 

[0006] The spacers function to keep the substrate interval uniform. However, the 
spacers cause light leakage or poor alignment of liquid crystal when they are arranged in the 
pixel regions. Therefore, the spacers are preferably arranged only in non-pixel regions 18. 
Thus, the arrangement interval (the nozzle interval) of the nozzle holes 370 has to be equal to 
the arrangement interval (the pixel interval) of the pixel regions 19, and the nozzle holes 370 
have to be arranged in the non-display regions 18. 

[0007] However, according to the aforementioned method, when a highly precise 
liquid crystal device is required, the nozzle intervals must be reduced, and high 
manufacturing precision is required for a nozzle head 260. 

[0008] When a liquid crystal device with a different pixel structure or a different 
pixel size is manufactured, the nozzle head 260 with a different nozzle interval must be newly 
manufactured in accordance with the pixel interval a. Thus, it takes a long time to develop 
the nozzle head 260, and it costs a great deal. 

[0009] Accordingly, an object of the present invention is to reduce or solve the 
above problems and to provide an apparatus for arranging spacers at fixed points, which is 
capable of precisely arranging the spacers without using a nozzle head with a high precision 
and of adjusting the arrangement density of the spacers without changing the nozzle head. 
Also, other objects of the present invention are to provide a liquid crystal device using such 
an apparatus for arranging the spacers at the fixed points, to provide a method of 
manufacturing the liquid crystal device, and to provide an electronic apparatus with the liquid 
crystal device. 

[0010] To address or achieve the above objectives, there is provided an apparatus to 
arrange spacers at fixed points. The apparatus includes a nozzle head to discharge a spacer 
dispersion solution, in which the spacers are dispersed in a solvent, from a plurality of nozzle 
holes, while scanning along a predetermined scanning direction. The plurality of nozzle holes 
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are arranged at a predetermined angle, with respect to the direction perpendicular to the 
scanning direction. 

[0011] The spacers are arranged in a line along the scanning locus of the nozzle 
holes. A plurality of lines, along which the spacers are arranged, are formed in accordance 
with the number of nozzle holes. The interval of adjacent lines is determined in accordance 
with the interval of nozzle holes, or a tilt angle, for the scanning direction of the nozzle head. 
At this time, according to the present structure, because the nozzle holes are arranged at a 
predetermined angle for the direction perpendicular to the scanning direction, it is possible to 
reduce the interval of adjacent lines, as compared to the interval of the nozzle holes. 
Therefore, it is possible to precisely arrange the spacers using the nozzle head with the nozzle 
holes spaced widely apart from each other, which does not require high manufacturing 
precision. Thus, it is possible to effectively reduce or prevent poor display, caused by the 
unevenness in the thickness of the cells or the leakage of light due to the spacers, by 
optimizing the arrangement density of the spacers and the number of spacers per liquid drop. 
Thus, it is possible to improve the display quality. 

[0012] An apparatus for arranging spacers at fixed points of the present invention 
includes a nozzle head to discharge a spacer dispersion solution, in which the spacers are 
dispersed in a solvent, from a plurality of nozzle holes, while scanning along a predetermined 
scanning direction, the nozzle head being rotatable such that the arrangement direction of the 
plurality of nozzle holes are inclined at a predetermined angle, with respect to the direction 
perpendicular to the scanning direction. 

[0013] According to the present structure, it is possible to arbitrarily control the line 
interval of the spacers arranged in a line along the scanning direction by controlling the 
crossing angle between the arrangement direction of the nozzle holes and the scanning 
direction of the nozzle holes by rotation of the nozzle head. Thus, it is possible to arrange the 
spacers in various densities or in various line intervals using the nozzle head in which the 
interval of the nozzle holes is fixed. For example, in a liquid crystal device where the pixel 
regions are arranged in a matrix, when the nozzle head is scanned along the arrangement 
direction of the pixel regions and the nozzle holes are arranged only in the non-pixel regions 
extended in parallel to the arrangement direction of pixels, it is possible to increase the 
contrast of the liquid crystal device. As described above, according to the present structure, it 
is possible to easily change the line interval of spacers arranged in a line along the scanning 
direction. Therefore, even if the line interval of the non-pixel regions, extended in a line 
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along the scanning direction, is reduced in response to the highly precise nozzle head, it is 
possible to arrange the spacers only in the non-pixel regions using a common nozzle head 
without changing the nozzle head. 

[0014] A method of manufacturing a liquid crystal device, in which a pair of 
substrates is arranged to face each other with a sealing material interposed therebetween, 
liquid crystal and spacers are injected into a space surrounded by the pair of substrates and the 
sealing material, and the space is sealed, is provided according to the present invention. The 
method is characterized by arranging the nozzle holes in the aforementioned apparatus to 
arrange the spacers at fixed points inclined at a predetermined angle with respect to the 
direction perpendicular to the scanning direction, intermittently discharging a spacer 
dispersion solution from the nozzle holes onto any one substrate of the pair of substrates 
while the nozzle head is scanning the one substrate along the scanning direction. 

[0015] According to the present manufacturing method, it is possible to reduce the 
line interval of the spacers arranged on the substrates in a line as compared with the interval 
of nozzle holes. Therefore, it is possible to precisely arrange the spacers using the nozzle 
head, which is provided with nozzle holes spaced widely apart from each other and does not 
require a high manufacturing precision, thereby optimizing the arrangement density of the 
spacers from the viewpoint of the thickness uniformity of the cells. 

[0016] Furthermore, in the step of intermittently discharging the spacer dispersion 
solution, the discharge interval of the spacer dispersion solution is desirably larger than the 
diameter of the spacer dispersion solution discharged onto the substrate. 

[0017] Since the spacers, in the spacer dispersion solution discharged onto the 
substrate, are gathered in the middle of the liquid drop to be arranged in a line along the 
scanning direction, as the solvent in the peripheral portion of the solution evaporates, it is 
important that liquid drops discharged onto the substrate exist separately from each other. If a 
plurality of liquid drops are fused with each other, the spacers tend to fluctuate their positions 
and do not necessarily stay in the middle of the respective liquid drops. However, it is 
possible to securely locate the spacers in the middle of the liquid drops by making the 
discharge interval of the spacer dispersion solution larger than the diameter of the liquid drop 
according to the present manufacturing method. 

[0018] A liquid crystal device, in which a pair of substrates are arranged to face 
each other with a sealing material interposed therebetween, liquid crystal and spacers are 
injected into a space surrounded by the pair of substrates and the sealing material, and the 
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space is sealed, is provided according to the present invention, one of the pair of substrates 
having a plurality of pixel regions and non-pixel regions formed around the pixel regions, and 
the spacers being arranged at a predetermined angle with respect to the arrangement direction 
of the pixel regions in plan view. 

[0019] According to the present structure, it is possible to arrange the spacers at a 
predetermined angle for the arrangement direction of the pixels. Therefore, when the spacers 
are arranged at fixed points by an apparatus that arranges the spacers at the fixed points, such 
as an inkjet head as described above, it is possible to arrange the spacers only in the non-pixel 
regions and to optimize the arrangement density of the spacers, even if the structure of the 
nozzle holes of the nozzle head are designed to be flexible. Therefore, it is possible to obtain 
the high quality display. 

[0020] In this case, it is desirable that the spacers exist in the form of a mixture of a 
single element and an aggregate, that the arrangement density of the spacers is 50 to 
300/mm 2 , and that the average number of spacers per liquid drop is 0.2 to 3. 

[0021] The inventors of the present invention obtained the following results as a 
result of examining the optimal arrangement number (arrangement density) of the spacers. 
When the arrangement density of the spacers is 50 to 300/mm 2 and the average number of 
spacers per liquid drop is 0.2 to 3 in the form of a single element, an aggregate, or a mixture 
of the single element and the aggregate, it is possible to reduce or prevent the deterioration of 
the display quality due to the spacers and to improve the display quality. 

[0022] For example, when the arrangement density of the spacers is less than 
50/mm 2 , the substrate interval is not definitely maintained by the spacers, and the thickness of 
the cell is significantly uneven. Therefore, the display quality significantly deteriorates. 
When the arrangement density of the spacers is larger than 300/mm 2 , the so-called vacuum 
bubbles, which are defects, are generated in the liquid crystal at low temperature. 

[0023] The reason for this is as follows: When the coefficient of thermal expansion 
of the liquid crystal is larger than that of the spacer, vacuum portions tend to locally generate 
in the liquid crystal layer at low temperature. Here, when too many spacers exist, the 
substrates cannot concave themselves to adapt to the pressure, and thus the vacuum portions 
which otherwise would be absorbed by deformation remain in the liquid crystal layer. 

[0024] When the average number of the spacers, which are in the form of a single 
element or an aggregate, per liquid drop is less than 0.2, the points where no spacers exist in 
the liquid drop significantly increase. This causes unevenness in the arrangement of the 
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spacers and in the thickness of the cell. Therefore, the display quality significantly 
deteriorates. When the average number of spacers per liquid drop is larger than 3, the number 
of spacers which exist as an aggregate is too large. Therefore, the thickness of the cell 
becomes uneven, and a large amount of light leakage occurs. Thus, the display quality 
deteriorates significantly. 

[0025] The spacers are preferably arranged in the non-pixel regions. When the 
spacers exist in the display regions, the poor alignment of the liquid crystal and the light 
leakage occur, and the display quality deteriorates significantly. Therefore, it is possible to 
improve the display quality by arranging the spacers in the non-pixel regions that are not 
directly concerned in the display. 

[0026] As described above, the display quality improves by arranging the spacers in 
the non-pixel regions. Furthermore, it is possible to reduce or prevent the poor display due to 
light leakage, by providing a light-shielding layer corresponding to the non-pixel regions. 

[0027] In addition, the spacers may be colored. For example, in the case where the 
liquid crystal device is used as a display device, the light leaks from the portions where the 
spacers are arranged, thereby making the originally dark portions displayed white (displayed 
bright). However, it is possible to ensure the execution of the black display (dark display) 
using the colored spacers, in particular, blackened spacers. 

[0028] The process for controlling the alignment of the liquid crystal may be 
performed on the surfaces of the spacers. That is, even under conditions where the alignment 
disorder of the liquid crystal occurs around the surfaces of the spacers and thus the contrast 
deteriorates, it is possible to align the liquid crystal around the surfaces of the spacers by 
providing an alignment assisting agent on the surfaces of the spacers. As a result, it is 
possible to prevent the generation of the light leakage and to provide a liquid crystal device 
without deterioration of contrast. A long-chain alkyl group may be provided on the surfaces 
of the spacer using, for example, a silane coupling agent as the alignment assisting agent. 

[0029] Furthermore, a fixing layer for fixing the spacers to the substrates may be 
provided on the surfaces of the spacers. For example, a thermosetting resin may be used for 
the fixing layer. 

[0030] It is possible to stably fix the spacers to the substrates by providing the 
thermosetting resin on the surfaces of the spacers, arranging the spacers in predetermined 
positions between the substrates, and performing thermal treatment. Thus, it is possible to 



reduce or prevent the spacers from floating and deviating from the predetermined positions 
thus deteriorating the uniformity of a gap and damaging the alignment layer. 

[0031] The electronic apparatus of the present invention includes, for example, a 
liquid crystal display device according to the present invention as the display device. By 
using the liquid crystal display device of the present invention, it is possible to provide the 
electronic apparatus fitted with a display part having a high display quality due to evenness in 
the gap. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] Fig. 1 is a schematic circuit diagram of switching elements and signal lines 
in a liquid crystal device according to an exemplary embodiment of the present invention. 

[0033] Fig. 2 is a plan view illustrating the structure of a plurality of pixel groups 
adjacent to each other on a TFT array substrate in the liquid crystal device. 

[0034] Fig. 3 is a sectional view illustrating the structure of a non-pixel region in 
the liquid crystal device. 

[0035] Fig. 4 is a schematic plan view illustrating the entire structure of the liquid 
crystal device. 

[0036] Figs. 5(a) and 5(b) are plan views illustrating examples of a state where the 
average number of spacers per liquid drop is two in the spacer arranging process of the liquid 
crystal device. Fig. 5(a) illustrates a state right after a solvent is discharged. Fig. 5(b) 
illustrates a state after a solvent evaporates. 

[0037] Fig. 6 is a perspective view illustrating the structure of the head of an inkjet 
device used in the spacer arranging process. 

[0038] Fig. 7 is a sectional view of the head of the inkjet device. 

[0039] Fig. 8 is a plan view of the head of the inkjet device. 

[0040] Fig. 9 is a plan view explaining the operation of the head of the inkjet 

device. 

[0041] Fig. 10 is a plan view illustrating an example of the arrangement of the 
spacers by the head of the inkjet device. 

[0042] Fig. 1 1 is a plan view illustrating an example of the arrangement of the 
spacers by the head of the inkjet device. 

[0043] Fig. 12 is a plan view illustrating a state where an aggregate of spacers is 
formed in the spacer arranging process of the liquid crystal device. 

[0044] Fig. 13 is a schematic illustrating the structure of the spacer. 
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[0045] Fig. 14 is a schematic illustrating the structure when a surface-processed 
layer is formed on the spacer. 

[0046] Fig. 15 is a schematic illustrating the structure of a colored spacer. 

[0047] Figs. 16(a) and 16(b) are schematics explaining the result of using the spacer 
in Fig. 14. Fig. 16(a) illustrates an example when an alignment controlling film is not formed 
in the spacer. Fig. 1 6(b) illustrates an example when an alignment controlling film is formed 
in the spacer. 

[0048] Figs. 17(a) and 17(b) are schematics explaining the result of using the spacer 
in Fig. 15. Fig. 17(a) illustrates an example when a transparent spacer is used. Fig. 17(b) 
illustrates an example when a colored spacer is used. 

[0049] Fig. 18 is a flowchart illustrating an example of a method of manufacturing 
the liquid crystal device. 

[0050] Fig. 19 is a flowchart illustrating a modification of the method of 
manufacturing the liquid crystal device. 

[0051] Figs. 20(a) and 20(b) are schematics illustrating a state where a liquid drop is 
discharged in intervals smaller than the diameter of the liquid drop. Fig. 20(a) illustrates a 
state right after the spacer dispersion solution is discharged. Fig. 20(b) illustrates the 
arrangement of the spacers after drying the solvent. 

[0052] Fig. 21 is a plan view explaining another structure of the head of the inkjet 
device and the operation thereof. 

[0053] Figs. 22(a)-22(c) are perspective views illustrating examples of electronic 
apparatuses utilizing the present invention. 

[0054] Fig. 23 is a plan view explaining the structure and the operation of a related 
art inkjet device. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0055] Exemplary embodiments of the present invention will now be described with 
reference to the drawings. 

Liquid Crystal Device 

[0056] A liquid crystal device according to the present exemplary embodiment, 
which is mentioned hereinafter, is a transmissive liquid crystal device in an active matrix 
using TFT (thin film transistor) elements as switching elements. Fig. 1 is a schematic circuit 
diagram of switching elements and signal lines of a plurality of pixels, which are arranged in 
a matrix in the transmissive liquid crystal device according to the present exemplary 
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embodiment. Fig. 2 is a plan view of a main portion illustrating the structure of a plurality of 
pixel groups adjacent and connected to each other in a TFT array substrate, in which data 
lines, scanning lines, and pixel electrodes are formed. Fig. 3 is a sectional view taken along 
the plane A- A' of Fig. 2. Fig. 4 is a plan view illustrating the planar structure of the entire 
transmissive liquid crystal device according to the present exemplary embodiment. In Fig. 3, 
the upper side is a light incidence side, and the lower side is an observer side. Also, in the 
respective drawings, the reduced scale of each layer and member differs from the actual scale 
because each layer and member is scaled to be recognizable in the drawings. 

[0057] According to the liquid crystal device of the present exemplary embodiment, 
as illustrated in Fig. 1, pixel electrodes 9 and TFT elements 30, which are switching elements 
to control the flow of current to the corresponding pixel electrodes 9, are formed in each of a 
plurality of pixels arranged in a matrix. Data lines 6a, to which image signals are supplied, 
are electrically connected to the sources of the corresponding TFT elements 30. The image 
signals, SI, S2, ■ •■, Sn to be recorded in the data lines 6a, are sequentially supplied to data 
lines in order of SI, S2, Sn or are supplied to each group of the plurality of data lines 6a 
adjacent and connected to each other. 

[0058] Furthermore, scanning lines 3 a are electrically connected to the gates of the 
TFT elements 30. Scanning signals Gl, G2, — , Gm are periodically and sequentially applied 
to the plurality of scanning lines 3 a at a predetermined timing. The pixel electrodes 9 are 
electrically connected to the drains of the TFT elements 30. When turning on the TFT 
elements 30, which are the switching elements, for a predetermined period of time, the image 
signals SI, S2, — , Sn supplied from the data lines 6a are recorded in the pixels at the 
predetermined timing. 

[0059] The image signals SI, S2, — , Sn of a predetermined level, which are 
recorded in the liquid crystal through the pixel electrodes 9, are held between the pixel 
electrodes 9 and common electrodes, which are described later, for a predetermined period of 
time. The liquid crystal modulates light and enables gradation display by changing the 
alignment or the order of sets of molecules in the liquid crystal by an applied voltage level. In 
order to reduce or prevent the held image signals from leaking, storage capacitors 70 are 
added in parallel with the liquid crystal capacitors between the pixel electrodes 9 and the 
common electrodes. 

[0060] Next, the planar structure of the main portion of the liquid crystal device 
according to the present exemplary embodiment will now be described referring to Fig. 2. As 
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illustrated in Fig. 2, the plurality of rectangular pixel electrodes 9 (whose outlines are 
illustrated by dotted line portions 9 A), which are made of a transparent conductive material 
such as ITO (indium tin oxide), are provided in a matrix on a TFT array substrate. The data 
lines 6a, the scanning lines 3a, and capacitance lines 3b are provided along the horizontal and 
vertical boundaries of the pixel electrodes 9. The pixel electrodes 9 are electrically connected 
to the TFT elements 30, which are positioned corresponding to the intersection portions 
between the scanning lines 3a and the data lines 6a, to display the respective pixels. 

[0061] In this specification, regions in which the pixel electrodes 9 are formed are 
referred to as pixels or pixel regions. Regions not participating in display, in which wiring 
lines, such as the data lines 6a, the scanning lines 3a, and the capacitance lines 3b, or the TFT 
elements 30 are formed (regions other than the pixel regions), are referred to as non-pixel 
regions. 

[0062] The data lines 6a are electrically connected to source regions (which are 
mentioned later) in semiconductor layers la made of, for example, a poly-silicon film, which 
form the TFT elements 30, through contact holes 5. The pixel electrodes 9 are electrically 
connected to drain regions (which are mentioned later) in the semiconductor layers 1 a through 
contact holes 8. Furthermore, the scanning lines 3a are arranged to face channel regions 
(which are mentioned later) (regions marked with top-left to bottom-right oblique lines) in the 
semiconductor layers la. The scanning lines 3a function as gate electrodes in portions that 
face the channel regions. 

[0063] The capacitance lines 3b include main lines (first regions formed along the 
scanning lines 3a in plan view) extended substantially straight along the scanning lines 3a, 
and protrusions (second regions extended along the data lines 6a in plan view) protruding 
toward the front ends (the upper direction in the drawing) along the data lines 6a in the 
intersection portions between the capacitance lines 3b and the data lines 6a. 

[0064] First light-shielding films 1 la are provided in a portion of the non-pixel 
regions, that is, regions marked with oblique lines. 

[0065] The sectional structure of the liquid crystal device according to the present 
exemplary embodiment will now be described referring to Fig. 3. As mentioned above, Fig. 3 
is a sectional view taken along the plane A- A' of Fig. 2 and illustrates the structure of a 
region, in which the TFT element 30 is formed. In the liquid crystal device according to the 
present exemplary embodiment, a liquid crystal layer 50 is interposed between a TFT array 
substrate 10 and a counter substrate 20 opposite to the TFT array substrate 10. 
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[0066] The TFT array substrate 10 includes a substrate main body 10A made of a 
light transmitting material such as quartz, the TFT element 30 formed on the surface of the 
liquid crystal layer 50, the pixel electrode 9, and an alignment layer 40. The opposing 
substrate 20 includes a substrate main body 20A made of a light transmitting material such as 
glass and quartz, a common electrode 21 formed on the surface of the liquid crystal layer 50, 
and an alignment layer 60. The interval (gap) between the substrates 10 and 20 is kept 
constant by the spacer 15. In Fig. 3, it is illustrated that a single spacer 15 exists above the 
data line 6a. However, according to the present exemplary embodiment, the spacers 15 are 
arranged in the non-pixel regions in a mixed state of a single spacer and an aggregate thereof. 

[0067] In the TFT array substrate 10, the pixel electrode 9 is formed on the surface 
of the liquid crystal layer 50 of the substrate main body 10A. The pixel switching TFT 
element 30 for switching the pixel electrode 9 is provided in a position adjacent to the pixel 
electrode 9. The pixel switching TFT element 30 with a LDD (lightly doped drain) structure 
includes the scanning line 3 a, a channel region la' of the semiconductor layer la, where a 
channel is formed by an electric field from the corresponding scanning line 3 a, a gate 
insulating film 2 for insulating the scanning line 3a from the semiconductor layer la, the data 
line 6a, a low density source region-lb and a low density drain region lc of the semiconductor 
layer la, and a high density source region Id and a high density drain region le of the 
semiconductor layer la. 

[0068] A second interlayer insulating film 4 is formed on the substrate main body 
10A including the scanning line 3 a and the gate insulating film 2. A contact hole 5 that leads 
to the high density source region Id and a contact hole 8 that leads to the high density drain 
region le, is formed in the second interlayer insulating film 4. The data line 6a is electrically 
connected to the high density source region Id through the contact hole 5 that passes through 
the second interlayer insulating film 4. 

[0069] Furthermore, a third interlayer insulating film 7 is formed on the data line 6a 
and the second interlayer insulating film 4, and a contact hole 8 that leads to the high density 
drain region le is formed in the third interlayer insulating film 7. The high density drain 
region le is electrically connected to the pixel electrode 9 through the contact hole 8 that 
passes through the second interlayer insulating film 4 and the third interlayer insulating 
film 7. 

[0070] According to the present exemplary embodiment, the gate insulating film 2, 
extended from a position that faces the scanning line 3a, is used as a dielectric film. The 
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extended semiconductor film la is used as a first storage capacitor electrode If. Furthermore, 
a portion of the capacitance line 3b that faces the first storage capacitor electrode If is used as 
a second storage capacitor. As a result, the storage capacitor 70 is formed. 

[0071] In the surface of the liquid crystal layer 50 of the substrate main body 10A of 
the TFT array substrate 10, the first light shielding film 1 la is provided in a region in which 
the pixel switching TFT element 30 is formed. The first light shielding film 11a functions to 
prevent the reflection light from the liquid crystal layer 50, which transmits the TFT array 
substrate 10 and is reflected from a surface under the TFT array substrate 10 (an interface 
between the TFT array substrate 10 and air), from being incident to at least the channel region 
la', the low density source region lb, and the drain region lc of the semiconductor layer la. 

[0072] A first interlayer insulating film 12, which electrically insulates the 
semiconductor layer la that forms the pixel switching TFT element 30 from the first light 
shielding film 1 la, is provided between the first light shielding film 11a and the pixel 
switching TFT element 30. Furthermore, as illustrated in Fig. 2, the first light shielding film 
1 la is formed on the TFT array substrate 10, and the first light shielding film 1 la is 
electrically connected to the capacitance line 3 b, which is formed in the front or rear end of 
the first light shielding film 11a, through a contact hole 13. 

[0073] Furthermore, an alignment film 40, which controls the alignment of liquid 
crystal molecules in the liquid crystal layer 50 when no voltage is applied, is formed on the 
outermost surface of the liquid crystal layer 50 of the TFT array substrate 10, that is, on the 
pixel electrode 9 and the third interlayer insulating film 7. Therefore, in the region in which 
the TFT element 30 is formed, a plurality of convexes, concavities and step differences are 
formed on the outermost surface of the liquid crystal layer 50 of the TFT array substrate 10, 
that is, on the interposed surface of the liquid crystal layer 50. 

[0074] Meanwhile, a second light shielding film 23 is formed in a region that 
opposes the region, in which the data line 6a, the scanning line 3a, and the pixel switching 
TFT element 30 are formed (the non-pixel region), in the surface of the liquid crystal layer 50 
of the substrate main body 20A in the opposing substrate 20. The second light shielding film 
23 reduces or prevents incident light from transmitting to the channel region 1 a', the low 
density source region lb, or the low density drain region lc of the semiconductor layer la of 
the pixel switching TFT element 30. Furthermore, the common electrode 21 made of ITO is 
formed over the almost entire surface of the liquid crystal layer 50 of the substrate main body 
20A, on which the second light shielding film 23 is formed. An alignment film 60, which 
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controls the alignment of the liquid crystal molecules in the liquid crystal layer 50 when no 
voltage is applied, is formed on the liquid crystal layer 50. 

[0075] Fig. 4 is a schematic plan view illustrating an example of the entire structure 
of a liquid crystal device 100 according to the present exemplary embodiment. As illustrated 
in Fig. 4, in the liquid crystal device 100 according to the present exemplary embodiment, the 
liquid crystal layer 50 is formed by filling the liquid crystal in a region sealed by a closed- 
ring-shaped sealing material 93 between the TFT array substrate 10 and the opposing 
substrate 20. According to the present exemplary embodiment, a method of dropping a liquid 
crystal drop is used as a method of filling the liquid crystal between the substrates. Thus, the 
liquid crystal is dropped on the substrate, and both substrates 10 and 20 are connected to each 
other to form the liquid crystal layer 50. 

[0076] As mentioned above, the spacers 15 are arranged in the non-pixel regions 
between the substrates 1 0 and 20 in order to maintain a gap. The spacers 15 are in the form 
of a single element or an aggregate. The arrangement density is preferably 50 to 300/mm 2 in 
a region inside the sealing material 93 illustrated in Fig. 4. Also, the average number of 
spacers per liquid drop is preferably 0.2 to 3 in the above state. 

[0077] The reason for this is as follows. When the arrangement density of the 
spacers 15 is less than 50/mm 2 for example, the substrate interval is not sufficiently 
maintained by the spacers 15, and the thickness of cells is significantly uneven. Thus, the 
display quality deteriorates. However, when the arrangement density of the spacers 15 is 
larger than 300/mm 2 , a defect called vacuum bubbles is generated at low temperature. When 
the average number of spacers per liquid drop is less than 0.2, portions where no spacers 15 
exist in a liquid drop significantly increase and thus the spacers 1 5 are unevenly arranged. 
Thus, the thickness of the cells is uneven, and the display quality significantly deteriorates. 
However, when the average number of spacers per liquid drop is larger than 3, for example, 
as illustrated in Fig. 12, too many spacers 15 exist in the form of an aggregate. Therefore, a 
large spacer aggregate 15A comes out of a non-pixel region 18 and is positioned in the pixel 
regions 19. As a result, the thickness of the cells becomes uneven, and the degree of light 
leakage and the poor alignment of the spacers become severe. Therefore, the display quality 
significantly deteriorates. 

[0078] Figs. 5(a) and 5(b) illustrate the arrangement of the spacers 15 inside the 
substrates. It shows that two spacers per liquid drop 17 exist on average when the spacer 
dispersion solution, obtained by dispersing the spacers 15 in a solvent, is discharged onto the 
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substrates. Fig. 5(a) illustrates a state right after the spacer dispersion solution is discharged. 
Fig. 5(b) illustrates a state after the solvent in the spacer dispersion solution is evaporated. 

[0079] As illustrated in Figs. 5(a) and 5(b), since the spacers 15 are arranged using 
an apparatus for arranging the spacers at the fixed points, which is discussed hereinafter, the 
spacers are not irregularly arranged but are arranged in the non-pixel regions of the liquid 
crystal device, in which the respective end sides of the rectangular pixel regions 1 9 are 
arranged along the X axis or the Y axis, to follow a first virtual line L and a second virtual 
line K, which are virtually positioned in Fig. 5. 

[0080] The first virtual line L shows the movement locus of the nozzle holes when 
the nozzle head of the apparatus for arranging the spacers at the fixed points (which will be 
mentioned hereinafter) is scanned in the direction of the Y axis. The second virtual line K 
shows the arrangement direction of the nozzle holes when the spacer dispersion solution is 
discharged. The spacers 15 are arranged in a predetermined interval b along a scanning 
direction parallel to the Y axis (that is, along the first virtual line L) and in a predetermined 
interval c along the second virtual line K, which is inclined at a predetermined angle with 
respect to the direction perpendicular to the scanning direction. That is, the second virtual 
line K is inclined at a predetermined angle 9 with respect to the X axis. 0 may have an 
arbitrary value. Even when the average number of spacers per liquid drop and the 
arrangement intervals b and c of the spacers 15 are fixed, it is possible to change the 
arrangement density of spacers 1 5 on the surface of substrate by changing 9. 

[0081] When the average number of spacers per liquid drop is 0.2 this means that 
each of two liquid drops includes one spacer and no spacers are included in the remaining 
eight liquid drops among the arbitrary ten liquid drops. As clearly noted from Fig. 5, it is not 
possible to control the number of spacers 15 included in each liquid drop 17. For example, 
although the average number of spacers included in a liquid drop is 2, it does not mean that 
two spacers 15 are included in every liquid drop. Furthermore, the spacers 15 in a liquid drop 
exist in the form of a single element, an aggregate, or a mixture of the single element and the 
aggregate. 

[0082] An example of the structure of the nozzle head 26 of an inkjet device used as 
the apparatus for arranging the spacers at the fixed points is illustrated in Figs. 6 and 7. As 
illustrated in Fig. 6, the nozzle head 26 includes a nozzle plate 3 1 and a diaphragm 32 that are 
made of stainless steel. The nozzle plate 3 1 and the diaphragm 32 are bonded to each other 
with partitions (resolver plates) 33 interposed therebetween. 
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[0083] A plurality of spaces 34 and a liquid collecting portion 35 are formed 
between the nozzle plate 31 and the diaphragm 32 by the plurality of partitions 33 arranged in 
a predetermined interval c. The spaces 34 and the liquid collecting portion 35 are filled with 
spacer dispersion solution, and the spaces 34 communicate with the liquid collecting portion 
35 through supplying holes 36. The nozzle holes 37 for discharging the spacer dispersion 
solution from the spaces 34 are formed in the nozzle plate 31. One nozzle hole 37 is provided 
in each space 34. The plurality of nozzle holes 37 are longitudinally arranged in the nozzle 
head 26 in the predetermined interval c, to be parallel to each other in plan view. 

[0084] A hole 38 to supply the spacer dispersion solution to the liquid collecting 
portion 35 is formed in the diaphragm 32. The spacer dispersion solution is supplied from 
outside in accordance with change in volume in the space 34. 

[0085] As illustrated in Fig. 7, a piezoelectric sensor 39 is bonded to the surface 
opposite to the surface that faces the space 34 of the diaphragm 32. The piezoelectric sensor 
39 is positioned between a pair of electrodes 41. When current flows through the 
piezoelectric sensor 39, the piezoelectric sensor 39 is curved to protrude to the outside, and at 
the same time, the diaphragm 32, to which the piezoelectric sensor 39 is connected, is curved 
to the outside. Thus, the volume of the space 34 increases. Therefore, the amount of spacer 
dispersion solution corresponding to the increase in the volume in the space 34 is received 
from the liquid collecting portion 35 through the supplying hole 36. When no current flows 
through the piezoelectric sensor 39, the piezoelectric sensor 39 and the diaphragm 32 return 
to their original shapes. Therefore, because the space 34 returns to its original volume, the 
pressure of the spacer dispersion solution inside the space 34 increases. Thus, a liquid drop 
27 of the spacer dispersion solution is discharged from the nozzle hole 37 towards the 
substrate. 

[0086] Furthermore, as illustrated in Fig. 8, the nozzle head 26 rotates in the surface 
horizontal to the substrate. The crossing angle 9 between the arrangement direction of the 
nozzle holes 37 and the X axis can be controlled either continuously or stepwise. For 
example, as illustrated in Fig. 9, when the spacer dispersion solution is intermittently 
discharged from the nozzle hole 37 onto the substrate in the predetermined interval b while 
the nozzle head 26 is scanned in the direction of the Y axis, the spacers 15 are arranged in a 
line on the substrate along the first virtual line L parallel to the Y axis in the predetermined 
interval b and are arranged in a line along the second virtual line K that crosses the X axis at 
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the angle 9 (that is, parallel to the arrangement direction of the nozzle holes 37) in the 
predetermined interval c (that is, the arrangement interval of the nozzle holes 37). 

[0087] As described above, when the arrangement direction of the nozzle holes 37 
is inclined at the predetermined angle 0 with respect to the direction of the X axis (that is, the 
direction perpendicular to the scanning direction of the nozzle head 26), the interval of the 
adjacent first virtual lines L is expressed by c cos9. Therefore, when a pixel pitch a in the 
direction (the direction of the X axis) perpendicular to the scanning direction is set smaller 
than the arrangement interval c, between the nozzle holes 37 aiming at a high quality display, 
it is possible to ensure the arrangement of the nozzle holes 37 in the non-pixel regions 18 by 
controlling the angle of rotation 9 of the nozzle head 26. Thus, since the spacers 15 are 
arranged only in the non-pixel regions 18, it is possible to obtain a high quality display with 
high contrast. 

[0088] The discharge interval b of the spacer dispersion solution is preferably larger 
than the diameter of the liquid drop 17 discharged onto the substrate. The spacers 15 in the 
spacer dispersion solution discharged onto the substrates are gathered in the middle of the 
liquid drop as the solvent in the peripheral portion of the solution evaporates and are arranged 
along the first virtual lines L and the second virtual lines K. Therefore, it is important that the 
liquid drops 17 discharged onto the substrate be isolated from each other. 

[0089] If the liquid drops 17 are discharged in an interval smaller than the diameter 
of the liquid drop 17 and the adjacent liquid drops 17 are fused with each other as illustrated 
in Fig. 20(a), the spacers 1 5 are not necessarily positioned in the middle of each liquid drop 
17. Therefore, as illustrated in Fig. 20(b), some spacers 15 are arranged in the pixel regions 
19. When the discharge interval of the liquid drop 17 is larger than the diameter of the liquid 
drop 17 as mentioned above, it is possible to prevent the adjacent liquid drops 17 from being 
fused with each other, thereby ensuring the arrangement of the spacers 15 in the middle of the 
liquid drop. Therefore, it is possible to arrange the spacers 15 only in the non-pixel regions 
18. 

[0090] Figs. 10 and 1 1 illustrate states where the spacers 15 are arranged at fixed 
points along the first virtual lines L in the predetermined interval b by the nozzle head 26 with 
the nozzle holes 37 arranged in the interval 2a for the pixel pitch a. 

[0091] Fig. 10 illustrates a state where the spacers 15 are arranged in the 
predetermined interval b in the direction of the Y axis assuming the crossing angle of the 
second virtual lines K to the X axis to be 0° (that is, a state where the arrangement direction 
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of the nozzle holes 37 is parallel to the X axis). In Fig. 10, the spacers 15 are arranged in 
every other non-pixel region 18. Also, the spacers 15 are arranged only in the non-pixel 
regions 18, so that the spacers 15 affect the display to a minimum extent. 

[0092] Meanwhile, Fig. 11 illustrates a state where the spacers 15 are arranged in 
the predetermined interval b in the direction of the Y axis, with the crossing angle 0 between 
the second virtual lines K and the X-axis of 60° (that is, a state where the arrangement 
direction of the nozzle holes 37 is inclined at an angle of 60° with respect to the X axis). In 
Fig. 1 1, the spacers 15 are arranged in each of the non-pixel regions 18 extended in a line in 
the direction of the Y axis. The arrangement density of the spacers 15 is twice as large as that 
of the spacers 15 in Fig. 10. In this case, the spacers 15 are arranged only in the non-pixel 
regions 18 to reduce or prevent the light leakage from the pixel regions by the spacers 15. 
Furthermore, because the arrangement density of the spacers 15 is larger, the uniformity in the 
thickness of the cell improves. 

[0093] Therefore, according to the apparatus of the present invention for arranging 
the spacers at the fixed points, it is possible to make the interval of the adjacent first virtual 
lines L smaller than the arrangement interval (the nozzle interval) c of the nozzle holes 37 by 
scanning the nozzle head in a state where the arrangement direction of the nozzle holes 37 
crosses the X axis. Therefore, it is possible to precisely arrange the spacers 15 without using 
a nozzle head 26 having a high manufacturing precision. 

[0094] Moreover, it is possible to control the line intervals of the spacers 15 
arranged in a line along the first virtual lines L, by rotating the nozzle head 26 on the plane 
horizontal to the substrate to control the crossing angle 0 between the arrangement direction 
of the nozzle holes 37 and the X axis. Therefore, even if the demand for precision of the 
manufactured liquid crystal device changes, it is possible to ensure the arrangement of the 
spacers 15 only in the non-pixel regions 18 using the common nozzle head 26, in which the 
intervals of the nozzle holes is fixed, without changing the nozzle head 26. 

[0095] In addition, according to the liquid crystal device of the present exemplary 
embodiment, it is possible to arrange the second virtual lines K at a predetermined angle with 
respect to the direction of the X axis, which is perpendicular to the scanning direction of the 
nozzle head 26. Therefore, when the spacers 15 are arranged in the fixed points by the 
aforementioned nozzle head 26, even if the nozzle holes 37 of the nozzle head 26 are 
designed to be flexible, it is possible to arrange the spacers 1 5 only in the non-pixel regions 
18 and to optimally set the arrangement density of the spacers 15. Therefore, it is possible to 
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obtain a high display quality. For example, it is possible to reduce or prevent the deterioration 
of contrast due to the light leakage by the spacers 1 5 and to improve the display quality by 
setting the arrangement density of the spacers 15 to 50 to 300/mm 2 and by arranging 0.2 to 3 
spacers 15 in a liquid drop on the average. 

[0096] According to the present exemplary embodiment, the liquid crystal device is 
structured on the basis of black and white display. However, in order to perform color 
display, a color filter layer may be formed. A color filter layer including a colored layer and a 
light shielding layer (black matrix), and a protecting layer to protect the color filter layer are 
sequentially formed inside the upper substrate (opposing substrate) 20, to form a common 
electrode 21 on the protecting layer. The display region includes the colored layers of, for 
example, red (R), green (G), and blue (B) colors. Therefore, because pixels contain the 
display regions of the respective colors, it is possible to perform color display in every pixel. 
According to the present exemplary embodiment, a liquid crystal device in an active matrix is 
described. However, for example, the structure according to the present invention can be 
used for a simple matrix type liquid crystal device. 

[0097] The structure of the spacers 1 5 used for the liquid crystal device according to 
the present exemplary embodiment will now be described. The spacer 15 maybe a spherical 
member made of silicon dioxide or polystyrene. The diameter of the spacer 15 is adjusted to 
the thickness (the thickness of the cell, that is the gap between the substrates) of the liquid 
crystal layer 50 sealed in the liquid crystal device, for example, in the range of 2 to 10 um. 

[0098] As illustrated in Fig. 13, a material, the spacer 15 whose surface is coated 
with a thermosetting resin layer 150 can be used. In this case, the spacers 15 are firmly fixed 
to the lower substrate (TFT array substrate) 10 and the upper substrate (the opposing 
substrate) 20 by the hardening of the thermosetting resin. For example, in the processes of 
manufacturing the liquid crystal device according to present invention, thermal treatment is 
performed to harden the thermosetting resin after ejecting the spacers 15 onto the substrate 
(the opposing substrate 20) other than the one onto which liquid crystal has been dropped (for 
example, the TFT array substrate 10). As a result, the spacers 15 are fixed to the opposing 
substrate 20. 

[0099] As illustrated in Fig. 14, it is possible to form a surface processing layer 151 
carrying a long-chain alkyl group on the surface of the spacer 15. For example, a silane 
coupling agent may be used as a surface processing layer 151 carrying a long chain alkyl 
group. As illustrated in Fig. 16(a), when the spacer 15 without the surface processing layer 
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151 is used, the alignment of the liquid crystal molecules scatters around the surface of the 
spacer 15, and the light leakage occurs in the surface of the spacer 15a. As illustrated in Fig. 
16(b), when a spacer 15a with the surface processing layer 151 is used, the liquid crystal 
molecules around the surface of the spacer 15a may be aligned in a predetermined direction. 
Thus, the liquid crystal molecules are vertically aligned, and thus the light leakage hardly 
occurs around the surface of the spacer 15a. 

[0100] Furthermore, it is possible to color the spacers. A spacer 15b illustrated in 
Fig. 15 is an example of a black colored spacer. For example, as illustrated in Fig. 17(a), 
when the uncolored spacers 15 are used, the places corresponding to the spacers are displayed 
white during black display (dark display), which may cause the contrast deterioration. In 
contrast, as illustrated in Fig. 17(b), when the colored spacers 15b are used as illustrated in 
Fig. 15, the places corresponding to the spacers are not displayed white during the black 
display (the dark display). The places corresponding to the spacers are displayed black during 
white display (bright display). However, the influence of the black points displayed on the 
deterioration of the contrast is smaller than the influence of the white points on the 
deterioration of the contrast during the black display (the dark display). 

Method of Manufacturing Liquid Crystal Device 

[0101] An example of the method of manufacturing the liquid crystal device 
according to the present invention will now be described with reference to Fig. 18. 

[0102] As illustrated in the step SI of Fig. 18, the light shielding film 1 la, the first 
interlayer insulating film 12, the semiconductor layer la, the channel region la', the low 
density source region lb, the low density drain region lc, the high density source region Id, 
the high density drain region le, the storage capacitor electrode If, the scanning line 3a, the 
capacitance line 3b, the second interlayer insulating film 4, the data line 6a, the third 
interlayer insulating film 7, the contact hole 8, the pixel electrode 9, and the alignment film 
40, are formed on the lower substrate main body 10A made of glass, to form the lower 
substrate (the TFT array substrate) 10. At the same time, the light shielding film 23, the 
opposing electrode 21, and the alignment film 60, are formed on the upper substrate main 
body 20A, to form the upper substrate (the opposing substrate) 20. 

[0103] Next, in step S2, a predetermined amount of liquid crystal, suitable for the 
gap of the liquid crystal device, is dropped onto the lower substrate (TFT array substrate) 1 0. 
Then, in step S3, the sealing material 93 is printed on the upper substrate 20 in the form of a 
closed ring frame without liquid crystal filling hole. 
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[0104] In step S4, the nozzle head 26 is rotated on the plane, horizontal to the 
substrate, so that the nozzle holes 37 are arranged in the non-pixel regions 18. Then, in step 
S5, the spacer dispersion solution, whose density is controlled so that 0.2 to 3 spacers 1 5 exist 
in a liquid drop on average, is intermittently discharged from the nozzle holes 37 onto the 
upper substrate in a predetermined interval b while the nozzle head 26 is scanned onto the 
upper substrate 20. At this time, the predetermined interval b is set such that the arrangement 
density of the spacers 15 is 50 to 300/mm 2 and the interval b is larger than the diameter of the 
liquid drop 17 discharged onto the substrate. The solvent of the spacer dispersion solution 
discharged onto the upper substrate 20 evaporates naturally or by a predetermined drying 
means. As a result, the spacers 15 are arranged in the non-pixel regions 18. 

[0105] In step S5, the liquid crystal device with the cell structure illustrated in Fig. 3 
is manufactured by bonding the lower substrate 10 to the upper substrate 20 and then bonding 
an optical film (not shown), such as a retardation plate and a polarizing plate, to the outsides 
of the lower substrate 10 and the upper substrate 20. 

[0106] As another example in which a different manufacturing method is used, it is 
possible to obtain the liquid crystal device according to the above exemplary embodiment 
using the processes illustrated in Fig. 19. 

[0107] As illustrated in step S 1 1 , similar to the above step S 1 , the alignment film 40 
is formed on the lower substrate main body 10A made of glass to form the lower substrate 
(the TFT array substrate) 10. Furthermore, at the same time, the alignment 60 is formed on 
the upper substrate main body 20A to form the upper substrate (the opposing substrate) 20. 

[0108] Next, in step SI 2, as described above, the sealing material 93, in the form of 
the closed ring frame without a liquid crystal filling hole, is printed onto the lower substrate 
(the TFT array substrate) 10. In step SI 3, a predetermined amount of liquid crystal is 
dropped inside the sealing material 93 in the form of the closed ring frame. 

[0109] In step SI 4, the nozzle head 26 is rotated on the surface horizontal to the 
substrate so that the nozzle holes 37 are arranged in the non-pixel regions 18. In step SI 5, the 
spacer dispersion solution, whose concentration is controlled so that 0.2 to 3 spacers 15 exist 
in a liquid drop on the average, is intermittently discharged from the nozzle holes 37 onto the 
upper substrate 20 while the nozzle head 26 is scanned on the upper substrate 20. In this 
case, the predetermined interval b is set such that the arrangement density of the spacers 1 5 is 
50 to 300/mm 2 and the interval b is larger than the diameter of the liquid drop 17 discharged 
onto the substrate. Then, the solvent of the spacer dispersion solution discharged onto the 
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upper substrate 20 evaporates naturally or by drying. As a result, the spacers 15 are arranged 
in the non-pixel regions 18. 

[0110] Next, in step SI 6, the liquid crystal device with the cell structure illustrated 
in Fig. 3 is manufactured by bonding the lower substrate 10 to the upper substrate 20 and 
bonding an optical film (not shown), such as a retardation plate and a polarizing plate to the 
outsides of the lower substrate 10 and the upper substrate 20. 

[0111] Therefore, according to the method of manufacturing the liquid crystal 
device of the present exemplary embodiment, since the spacers 1 5 are arranged in the fixed 
points by the apparatus for arranging the spacers at the fixed points, it is possible to change 
the density and the arrangement of the spacers 1 5 using the common nozzle head 26. Thus, it 
is possible to manufacture the liquid crystal device in which the spacers 1 5 are optimally 
arranged in consideration of the thickness uniformity of the cells. Furthermore, it is possible 
to manufacture the liquid crystal device with a small amount of light leakage and a high 
display quality since it is possible to ensure the arrangement of the spacers 15 in the non-pixel 
regions 18 in the liquid crystal device, in which the pixel pitch a is narrower than the nozzle 
interval c. 

Electronic Apparatus 

[01 12] A specific example of the electronic apparatus with the liquid crystal device 
according to the present exemplary embodiment will now be described. 

[0113] Fig. 22(a) is a perspective view illustrating an example of a mobile 
telephone. In Fig. 22(a), reference numeral 500 denotes the main body of the mobile 
telephone. Reference numeral 501 denotes a liquid crystal display part with the liquid crystal 
device according to the present exemplary embodiment. 

[0114] Fig. 22(b) is a perspective view illustrating an example of a portable 
information processing device such as a word processor or a PC (personal computer). In Fig. 
22(b), reference numeral 600 denotes an information processing device. Reference numeral 
601 denotes an input unit such as a keyboard. Reference numeral 603 denotes an information 
processing main body. Reference numeral 602 denotes a liquid crystal display part with the 
liquid crystal device according to the present exemplary embodiment. 

[0115] Fig. 22(c) is a perspective view illustrating an example of a wristwatch-type 
electronic apparatus. In Fig. 22(c), reference numeral 700 denotes the main body of a 
wristwatch. Reference numeral 701 denotes a liquid crystal display part with the liquid 
crystal device according to the present exemplary embodiment. 
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[0116] Each of the electronic apparatuses illustrated in Figs. 22(a) to 22(c) include 
any one of the liquid crystal devices according to the present exemplary embodiments. Thus, 
each of the electronic apparatuses can display images with a high display quality. 

[0117] The present invention is not restricted to the aforementioned exemplary 
embodiments, and various modifications can be made without departing from the spirit and 
scope of the present invention. 

[01 1 8] For example, according to the apparatus for arranging the spacers at the 
fixed points of the present exemplary embodiment, the nozzle holes 37 are arranged in 
parallel with the longitudinal direction of the nozzle head 26. However, as illustrated in Fig. 
21, the nozzle holes 37' may be diagonally arranged for the longitudinal direction of the 
nozzle head 26', so that the arrangement direction of the nozzle holes 37' may cross the X axis 
at a predetermined angle 0. According to the above structure, when the nozzle head 26' is 
scanned in the direction of the Y axis and the spacer dispersion solution is discharged from 
the nozzle holes 37' onto the substrate in the predetermined interval b in a state where the 
longitudinal direction of the nozzle head 26' is parallel to the X axis, similar to the above 
exemplary embodiment, the spacers 1 5 are arranged on the substrate along the first virtual 
lines L in the predetermined interval b and along the second virtual lines K, which cross the X 
axis at the angle 8, in the predetermined interval c. Therefore, the spacers 15 can be 
definitely arranged in the non-pixel regions 18 in the liquid crystal device in which the pixel 
interval a is narrower than the nozzle interval c. 

[0119] As described above, according to the present invention, since the nozzle 
holes are arranged in a direction perpendicular to the scanning direction at a predetermined 
angle, the interval of the spacers, which are arranged along the scanning direction in a line, 
can be narrower than the interval of the nozzle holes. Therefore, it is possible to precisely 
arrange the spacers using the nozzle head, in which the nozzle holes are arranged far apart 
and which do not require a high manufacturing precision. Furthermore, it is possible to 
optimize the arrangement density of the spacers and the number of spacers that exist in a 
liquid drop, thereby effectively preventing the unevenness in the thickness of the cell and the 
inferiority in the display, which is caused by the light leakage due to the spacers. 

[0120] When the nozzle head is rotatably structured on the plane horizontal to the 
substrates, it is possible to arbitrarily control the interval of the spacers arranged in a line 
along the scanning direction by controlling the angle, where the arrangement direction of the 
nozzle holes crosses the scanning direction of the nozzle head. Therefore, it is possible to 



23 

arrange the spacers in various densities or in various line intervals using the nozzle head, in 
which the interval of the nozzle holes is fixed. 



